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Abstract 
In this paper, the impact of the N2 anneal on laser processed silicon was investigated using photoluminescence (PL) imaging 
through comparing the PL signal of laser processed samples before and after N2 anneal. The samples capped with different 
dielectrics or without any dielectric (bare surface) prior to the laser processing were used, enabling the evaluation of the influence 
of the N2 anneal on the defects caused both by laser thermal effect and by the existence of dielectrics. Generally, it was found that 
N2 anneal is an effective way to reduce both the laser and dielectric induced defects. 
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1. Introduction 
One challenge of the application of laser doping to high efficiency solar cells is the need to maintain at least a 
moderate electronic quality in the laser-processed silicon [1].  
In authors’ previous publication [2], the impact of thermal effects and the presence of dielectric films on the 
electronic quality of laser processed silicon was investigated, by applying laser processing to already diffused silicon 
samples, without the use of a laser doping source. For bare silicon samples, the repeated silicon melting and 
recrystallization will introduce significant additional damage if the evaporation threshold is exceeded. Furthermore, 
the presence of a dielectric film or stack on top of the silicon always resulted in additional recombination compared 
to the bare silicon case, especially for plasma-enhanced chemical vapor deposited (PECVD) SiNx films. 
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The observation that thermal annealing in a N2 environment can recover some of the laser induced defects has 
been reported by previous researchers, although the mechanism behind the recovery is still unknown [3-6]. 
Deshmukh et al. [3] found, in their study about the effects of pulsed laser irradiation on the SiO2/Si interface, that 30 
min, 1150oC N2 annealing after laser processing can reduce the surface state density, decrease the oxide charge, and 
increase the lifetime. Parker et al. [4, 5] investigated the leakage current for diodes, transistor gains, and MOS C-V 
lifetime after laser scanning and after 30 min thermal annealing at various temperatures in N2. It was found that the 
laser induced defects were stable for subsequent thermal annealing up to 400oC but were almost completely removed 
at 800oC. Ametowobla [6] also reported lifetime recovery after 600oC N2 annealing (annealing time was not 
reported) for a sample that had experienced 16 laser-melting cycles, while opposite results were observed if small 
numbers of melting cycles were used. 
In this paper, the impact of the N2 anneal on laser processed silicon was investigated using photoluminescence 
(PL) imaging through comparing the PL signal of laser processed samples before and after N2 anneal. The samples 
caped with different dielectrics or without any dielectric (bare surface) prior to the laser processing were used, 
enabling the evaluation of the influence of the N2 anneal on the defects caused both by laser thermal effect and by the 
existence of dielectrics.  
2. Experimental 
Phosphorus-doped n-type (100) float-zone silicon wafers with resistivity higher than 100 ȍgcm were used. 
Wafers were saw-damage etched using a nitric and hydrofluoric (HF) acid solution. Wafers were RCA cleaned and 
loaded into a boron diffusion furnace to achieve a shallow p doped layer with sheet resistance of ~90 ȍ/Ƒ on both 
sides. After boron diffusion, the wafers were deglazed in HF until hydrophobic. Wafers were then divided into 
several subgroups which were capped with different dielectric films as follows: bare silicon, 50nm thermal SiO2, 
20nm ALD Al2O3, ALD Al2O3 (10nm) / TiO2 (50nm) stack, and 80nm PECVD SiNx deposited at 230Ԩ ሺሾǦሿ
 ̱ͳ×1023cm-3). All groups were then processed on the side with dielectrics using a PyroFlexTM 25 laser 
system at a wavelength of 532nm and at frequency of 20kHz. The laser is operated in pulsed mode and scanned 
across the target at different speeds so as to vary the distance between pulses on the wafer surface. The laser pulses 
had approximately Gaussian temporal and spatial beam profiles. The 1/e2 Gaussian radius of the focused laser beam 
used is 9.8μm, which was measured by the method of Kiang and Lang [7]. Three pulse durations — 20ns, 100ns, 
and 400ns were used, where pulse duration is defined as the full width at half maximum (FWHM). Four pulse 
distances (0.25, 1, 2.5, and 20 μm) were investigated to cover both overlapped and separated pulses conditions. 
Pulse energy, measured in units of μJ, was also varied over a wide range for each studied pulse duration. The layout 
of each set of laser parameters is a 4×4mm2 unit which consists of parallel laser processed lines with 30μm pitch. 
Fig. 1 shows one of the measured PL images and illustrates the used laser-processed layout. Prior to measurement, 
wafers were dipped into HF solution until fully hydrophobic to remove all surface films.  
After HF dip, all wafers were characterized by PL imaging using a BT Imaging LIS-R1 system with a zoom lens 
(24μm/pixel resolution) and 1050nm short pass filter. Small area illumination, highest possible laser source power 
(~2.63h1018 photon flux) and long exposure times (30s) were used to enable sharp PL images with high signal to 
noise ratios. Samples were illuminated with the laser processed side facing down, to ensure that the illuminated 
surface is optically uniform. To decrease the reflection from the center coil of PL sample table, a black absorptive 
film was loaded under wafers when taking PL images. The background (unprocessed region) PL signals of each 
sample were also recorded. 
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Fig. 1 An example of measured PL image and the illustration of laser process layout. This is the PL image of the wafer initially with Al2O3 film. 
After that, all samples were annealed in N2 at 600oC for 30 minutes. Subsequently, all samples were dipped into 
HF solution until fully hydrophobic and then PL measurements were repeated. After annealing, a few samples 
became unusable as indicated by a degradation in the uniformity of the PL images of the background (unprocessed) 
regions. This degradation was chiefly observed on samples processed with 20ns pulse duration and SiO2 samples. 
The reason for the degradation is currently unknown. As a control sample without any laser processing was also 
subjected to the annealing process without any noticeable lifetime change, it is unlikely that the uniformity 
degradation is a result of contamination of the annealing furnace used. Also, because the annealing temperature was 
only 600oC, the diffusion profile was unlikely to be affected. These samples with significant uniformity degradation 
are excluded from the below analysis. 
3. Results and discussions 
Comparing the PL images before and after annealing, as shown in Fig. 2, it can be seen that there is a clear 
improvement in the electronic quality of several of the laser processed regions. 
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Fig. 2 PL images of some laser processed samples (which initially had different dielectric films) before and after 30 min 600oC N2 anneal.  
The background PL signal of each sample measured in the same place in the PL images measured both before and 
after annealing was firstly analysed to check whether the background degraded after anneal. It was found the 
background PL signals generally increased after anneal (average ~7.6%), except for the two wafers previously 
coated with AL2O3/TiO2. The reason for the general increase of the background PL signal after anneal is unknown. 
In order to suppress the influence from the change of the unprocessed regions within the measured patterns but to 
highlight the change from the laser-processed regions, the normalized PL signals (normalised to the unprocessed 
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background) were used for quantitative comparison. In order to make the comparison reliable, the background signal 
is measured in the same place in the PL images measured both before and after annealing.  
As Al2O3, and Al2O3/TiO2 stacks showed similar results, only the results of bare samples, Al2O3 and SiNx are 
presented in Fig. 3 to Fig. 6. The bare sample results are shown in each figure as a reference. 
It is interesting to note that after annealing some of the normalized PL data points have values slightly larger than 
1, which would seem to indicate a higher electronic quality (lower J0e) in the laser processed region than in the 
unprocessed region. Since normalised PL values >1 are measured also on samples where the dielectric film did not 
contain any dopant source (i.e. Al), this observation cannot be solely the result of increased doping. Rather, a slight 
uniformity degradation of the background PL signal after anneal is more likely responsible for the >1 normalised PL 
values. This non-uniformity introduces uncertainties and errors in the data analysis. Moreover, it is difficult to give 
an accurate estimation of the uncertainties. Since the maximum normalized PL of all the data is less than 1.14, we 
might use 14% as rough uncertainty estimation. Although there are uncertainties and errors caused by non-
uniformity, the non-uniformity is essentially random, so the conclusion obtained from the observation of the trend of 
a series of data rather than a single data point should be still reliable. Some interesting and reliable observations are: 
x The N2 anneal treatment generally improves the PL signal ratio (likely to be due to a reduction in defect 
density) for almost all the samples. In several cases, the PL signal after annealing shows no observable 
degradation compared to the background (within the considerable error of the measurements). 
x The most marked increase is observed for high pulse energies, where PL intensities before annealing are low 
and there is a trend (in the pre-anneal data) of a reduction of PL intensity with increase in pulse energy. 
Except the data of bare silicon samples processed at long pulse duration (400ns), and high pulse energy 
(>15μJ) shows a decrease of the normalized PL signal at 0.25 μm pulse distance after anneal, but an increase 
at 1 μm pulse distance, and a further increase for larger pulse distances.. 
x The extremely high degradation caused by SiNx was significantly reduced after annealing, which enables SiNx 
to be put back on the candidate list of passivation films for high efficiency laser doped solar cells. 
 
 
Fig. 3 Comparison of the normalized PL signal before and after anneal of Al2O3 samples processed at 100ns pulse duration. The data of bare 
samples processed under the same conditions are given as a reference.  
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Fig. 4 Comparison of the normalized PL signal before and after anneal of Al2O3 samples processed at 400ns pulse duration.  
 
Fig. 5 Comparison of the normalized PL signal before and after anneal of SiNx samples processed at 100ns pulse duration.  
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Fig. 6 Comparison of the normalized PL signal before and after anneal of SiNx samples processed at 400ns pulse duration. 
4. Conclusions 
In this paper, the impact of the N2 anneal on laser processed silicon was investigated using PL imaging through 
comparing the PL signal before and after N2 anneal. It was found that the N2 anneal treatment generally improves the 
PL signal ratio (likely to be due to a reduction in defect density) for almost all the samples. The most marked 
increase is observed for high pulse energies. The extremely high degradation caused by SiNx was significantly 
reduced after annealing. 
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